Gem-quality green cryptocrystalline silica formation is relatively rare in nature, and has an interesting mineralogical crystallization and irradiation response of the fine fibrous silica. Chemical analyses of the green material reveal remarkable concentrations of some trace elements, such as nickel, iron, and chrome. They are certainly responsible for producing of the individual color production and irradiation luminescence response. Optical absorption spectroscopy shows that the dark green coloration is due to light transmittance at 528 nm in the visible region as a result of absorbance peak at 645 nm and about 360-410 nm absorbance band gap. These optical absorbance gaps are due to not only Ni ion content (4600 ppm) but also, Fe ion (13600 ppm) and Cr ion (823 ppm) contents. The cathodoluminescence spectra of the green material were taken into consideration in this study, and they were evaluated using "surpher, grapher, and axum" of the computer programs. In the spectra of alternative current cathodoluminescence with two-dimension, one major spectral emission band appears at readable intensity and magnitude in 90 Hz in the yellow wavelength region at 585 nm. In addition, the two-dimension cathodoluminescence spectra show that only the other major spectral emission band of cathodoluminescence appears at 90 Hz frequency in the green wavelength region at 530 nm.
Introduction
Chrysoprase is a dark and/or dull green-colored sub-variety of the massive-structured microcrystalline quartz group (Rossman, 1994; Back and Mandarino, 2008) , consisting mainly of the fibrous radial quartz (optical length-fast chalcedony), sometimes fine-grained silica (Miehe et al., 1984; Frondel, 1978) . The origin of the name is Greek for "gold leek" (Mitchell, 1979) .
Cut and polished chrysoprases have been used as many architectural objects (artefacts) since the ancient times. Chrysoprase has been identified in ancient Egyptian artefacts (Lucas, 1989) . In addition, chrysoprase was used as a decorative stone during the European Middle Ages. The first significant deposit of chrysoprase was found in Lower Silesia, in Szklary near Zabkowice Slaskie in Poland, in 1425 (Sachanbinski et al., 2001 ).
Today, worldwide commercial deposits of chrysoprase are still rarely found. These deposits are mainly located in Australia (Nagase et al., 1997; Befi, 2009) , Poland (Sachanbinski et al., 2001; , Kazakhstan (Sachanbinski et al., 2001; Witkowski and Zabinski, 2004) , Brazil (Komov et al., 1994) , Tanzania (Witkowski and Zabinski, 2004; Shigley et al., 2009; Graetsch, 2011) , and Turkey (Hatipoğlu et al., 2011; Ayvacıklı et al., 2012) .
Chrysoprase occurs on every continent but an understanding of the material genesis has proved to be problematic. Since, even though the other kind of fibrous cryptocrystalline silica varieties, such as chalcedonies, agates, onixes etc., form at under 150 o C in the nature, fibrous cryptocrystalline chrysoprase forms up to 200 o C in especially metamorphic zones like green quartzes. Cryptocrystalline green chrysoprase material and crystalline green quartz material are two different silica occurrences, which can be found in the metamorphic zones. However, Richness regarding the elements of nickel, iron, and chrome in the chrysoprases is interesting from the point of luminescence response of the fine fibrous cryptocrystalline silica to irradiation. Since gem-quality green cryptocrystalline silica formation is relatively rare in nature, and has an interesting mineralogical crystallization for such a kind of fibrous silica. The present luminescence study is focused on famous the gem-quality chrysoprase in Turkey.
As regarding, the most important chrysoprase pits are in the Biga-Çanakkale region of Turkey. It is called Biga chrysoprases in this study. Actually, this study is a continuation of the previously published papers of Hatipoğlu et al. (2011) and Ayvacıklı et al. (2012) . As apart from it, the present study aims to reveal the mainly optical [coloration] and cathodoluminescence [CL] characterizations of Biga chrysoprases, using "surpher and grapher as (3-Dimension), and axum as (2-Dimension)" of the computer programs, describing the distinct steps in the CL and thermoluminescence [TL] productions (production electron-hole pairs, trapping, transfer, recombination and emission) in Biga chrysoprases.
Geological Background of the Biga-Çanakkale Region
Çanakkale refers to the city name, Biga-Çanakkale region refers to the region name, and Biga chrysoprase refers to special gemstone name in the Biga-Çanakkale region. The Biga Peninsula comprising the whole Biga-Çanakkale region, which is the chrysoprase depositional field, is geologically described in detail by some authors (Bingöl et al., 1973; Okay et al., 1991; Okay and Satır, 2000; Koçyiğit et al., 2006) . Significantly, it has been reported that there is a major NE-SW trending tectonic belt running from the district of Karabiga to the district of Ezine, which characterizes the region. In addition, it is seen that the chrysoprase-bearing zone in the region is on this tectonic belt. The Biga Peninsula is an active deformational area. Therefore, the Peninsula is a tectonically very active area included in the central-northern Aegean strike-slip neotectonic domain in which the principal compressive stress is operating in approximately E-W direction (Koçyiğit et al., 2006) . In the Aegean region, the closure of the northern Neotethyan Ocean, an ongoing compression regime, and subsequent crustal thickening occurred from the Late Cretaceous to the Palaeocene and have resulted in the amalgamation of various tectonic units. In addition, mediumgrade metamorphic rocks crop out over a large area under the Neogene sedimentary and volcanic rocks in the central Biga Peninsula in northwest Turkey (Okay and Satır, 2000) . The chrysoprasebearing zone within the ultrabasic-characterized serpentinites at the contact border of the metamorphic schists in the region is on this tectonic belt. Chrysoprase materials are mainly found as fracture fillings covered with a weathering crust in the silicified serpentinites. As a result of the detailed field investigation, it can be stated that the Biga chrysoprase occur due to precipitation of silicic acid-rich dissolutions (H4SiO4) circulating through several fracture zones under ambient surrounding conditions -similar to those of the worldwide localities (Komov et al., 1994; . However, the silicic acid-rich dissolutions were firstly precipitated as the chalcedonic-quartz base silica phase [fibrous quartz (length fast chalcedony)] throughout the outer edges of the open fractures. After that, the remaining dissolutions in the central parts of the fractures were coagulated as both the chalcedonic-quartz interval silica phase (fibrous length-slow moganite) and the crystalline-quartz silica base phase (fine-grained alpha-quartz) as inclusions depending on the temperature rise of the dissolution (Frondel, 1978; Miehe and Graetsch, 1992; Murashov and Svishchev, 1998) . Similar chrysoprase formations have been reported in many previously published papers. Accordingly, it is widely stated that the chrysoprase material can occur upon liquid-solid interactions under the ambient conditions (Nagase et al., 1997; Sachanbinski et al., 2001; Witkowski and Zabinski, 2004; Befi, 2009; Shigley et al., 2009) . The trace element contents of the chrysoprases are associated with the serpentinized and silicified nickel-and magnesium-rich ultrabasites (Komov et al., 1994) . Additionally, during chrysoprase occurrence, mainly nickel, iron, and magnesium elements enter the silica-rich dissolution, and then migrate together with the dissolution. Finally, the independent mineral phases of nickel and nickel-magnesium hydrous silicates occur at a PH of about 6-7 (Komov et al., 1994) . The most complete profiles are usually present over the weathered serpentinites, on top of the less altered pyroxenites, in the limonitic zone (Caillaud et al., 2009 ). Skrzypek and his colleagues (2004) stated that the chrysoprase samples analysed from Poland, Kazakhstan, and Australia were formed in veins, and they were apparently associated with somewhat younger vein magnesite. In addition, their high oxygen isotope ratios suggested that the chrysoprase was precipitated from mixed meteoric solutions in hydrothermal conditions (Skrzypek et al., 2004) .
Materials and Methods
Biga chrysoprases with five different green hues were analysed in this study.
The base silica-building components of the material were detected from X-ray powder diffraction patterns made using a Cubi-XRD device with a Cu tube and a graphic monochromotor. The samples were analysed with Cu radiation and a 0.3 mm collimator at atmospheric pressure for 10 min each, in the range between 5 and 70 o 2-theta in the material research laboratory of Batı Anadolu cement factory (İzmir). The FWHM values were calculated using the Broker AXS diffract plus software. The d-spacing [A o ] diffraction matchings using the comparative matching technique compiled from previously published related papers (Miehe et al., 1984; Miehe and Graetsch, 1992; Murashov and Svishchev, 1998) (Fig. 1) . As it can be seen that the Biga chrysoprases compose mainly of fibrous chalcedony, and minor fibrous moganite and fine-grained alpha-quartz inclusions. The XRD data of Biga chrysoprases show the lack of coarse-grained opal-CT and opal-C, which represent the opalline-quartz silica building phases of the microcrystalline quartzes.
In addition, some further spectroscopical characterization tests were carried out on the samples. Firstly, the infrared (IR) patterns of the material were recorded on a Perkin-Elmer Infrared spectrophotometer in the wave number range of 200-4000 cm -1 , using the KBr pellet technique in the laboratory of the faculty of chemistry in Aegean University (İzmir). Secondly, chemical analyses of Biga chrysoprases utilized X-ray fluorescence (XRF) for major oxides, inductively coupled plasmaatomic emission spectroscopy (ICP-AES) for trace elements, and WST-SIM for determination of ignition losses. These analyses were performed, and certified with the code number ''IZ10048288'', under contract by the accredited ALS Chemex Laboratory in Canada (Hatipoğlu et al., 2011) . Thirdly, the optical absorption spectra (OA) of Biga chrysoprases were recorded using Varian DMS 90 UV/VIS and Sosco Model 7800 UV/VIS Spectrophotometers in the range of 200-800 nm in the laboratory of the Faculty of Science in Dokuz Eylül University (İzmir). Fourthly, cathodoluminescence time resolved spectroscopy was performed on Biga chrysoprases. The current was 20 mA. The acceleration potential was the energies of 14 and 24 keV electrons corresponding to an incident power density of 0.8 µAcm -2 at room temperature. The primary electron beam is normally pulsed using a Thandor TG501 5 MHz function generator as a function with the frequencies of 90, 180, 360, and 900 Hz at 14 keV, and with the frequencies of 90, 180, 360, 900, and 9000 Hz at 24 keV. The CL response was gated using an EgandG Ortholoc-SC 9505 2-phase lock-in amplifier, and a cooled red-sensitive photomultiplier tube. It's worth noting that the broad diameter of the beam significantly reduces any instability due to secondary electron emission. The light coming from the samples was focused via a quartz lens onto the entrance slit of a grating monochromator with f/4 light collection, and detected with a blue-sensitive photomultiplier tube (PMT, EMI 9813Q). The quantum efficiency of EMI 9813Q is between 15% and 25% in the range of 250 nm to 800 nm. Two different measurements can be performed on the samples, using the alternating current (AC) and the direct current (DC) generated in the system. DC measurements can potentially record optical signals from the electron gun source, but this is rejected in the AC operating mode. However, only Alternating Current (AC) measurements were taken on the samples at room temperature during the experiment. In AC measurement, an Ortholoc-SC9505 two-phase lock-in amplifier was employed. The spectral lines obtained using a mercury (Hg) discharge lamp and Nd:YAG laser were used in wavelength calibration using 3 mm entrance and exit slits on the monochromator. 577 nm for the Hg and 633 nm for the He-Ne laser. The efficiency of the spectral response of the whole system was obtained by recording the spectrum of a tungsten lamp used with same the aperture as in the wavelength calibration. The electron beams were chopped at frequencies from 9 to 900 Hz, and the photomultiplier output was measured on a lock-in amplifier. The wavelength resolution was set at 5 nm for the CL measurements. The data was recorded in the laboratory of the further research centre in Dumlupınar University (Kütahya).
Initial numerical data in the cathodoluminescence graphics of the samples were originally taken by Axum 5.0 software. Latter, the 3D-PL morphology was generated into a counter map as 2D-PL by Surfer 8.0 software. Next, many 2D-PL graphics were produced from the 3D-PL morphology by Surfer 8.0 and Grapher 8.4 software (created by Golden Software Inc., www.goldensoftware.com), running in Windows 8 ultimate software program. Using 3D surface plots instead of standard x-y plots in the luminescence graphics allows us to get sensitive sections to see clearly the parameters, such as temperature, wavelength, and emission.
Results

Physico-Chemical Features
Some basic gemmological characterization tests were carried out on the investigated samples (Table 1) . Firstly, the average specific gravity (SG) values were measured using an electronic balance scale (measurement sensitivity of 0.001 g) with an SG kit, based on the formula [SG = W(air)/W(air) -W(water)]. As a result, the specific gravity values of Biga chrysoprase were found in the range of 2.52 and 2.58 g/cm 3 . Secondly, the optical character, optical sign, and refractive indexcies of Biga chrysoprases were determined by the "spot" method, using an Eickhorst SR/XS standard refractometer device with an optical contact liquid of 1.79 RI, and a quartz lamp with a wavelength of 589 nm. Accordingly, Biga chrysoprases are anisotropic, uniaxial, positive (+), and their refractive indexcies (RI) are Nω = 1.54 and Nε = 1.55; also, the double refraction (DR) is 0.010. Thirdly, ultraviolet (UV) photo-luminescence reactions of Biga chrysoprases were observed using a System Eickhorst UV 240 shortwave (255 nm) and longwave (366 nm) 4W UV lamp. Accordingly, Biga chrysoprases are inert against UV beams (Hatipoğlu et al., 2011) . The mid-infrared spectra (Fig. 2) of Biga chrysoprases in the range of about 200 to 4000 cm -1 at room temperature show many vibrational transmission bands related to microcrystalline silica building phases, hydroxyl group water, and metal ion impurities. Accordingly, Table 2 displays the assignments of these bands for the investigated chrysoprases. Table 3 shows the average chemical contents of the material. The main chemical bulk concentrations are as follows; SiO2 (95.50%), Al2O3 (0.99%), CaO (0.06%), MgO (0.13%), Na2O (0.12), K2O (0.18%), and Cr2O3 (0.15%). It is seen that some trace element concentrations are also very distinctive for Biga chrysoprases, such as Fe (13600 ppm), Ni (4600 ppm), Cr (823 ppm), Pb (417 ppm), Mn (184 ppm), Sb (154 ppm), Zn (192 ppm), and As (126 ppm). The obtained ratios are relatively higher for some trace elements, such as Fe, Cr, Mn, As, Ni, Pb, Sb, and Zn, according to the other trace elements present. Thus, it can be stated that the above noted trace elements are characteristic for Biga chrysoprases, and certainly responsible for production of individual luminescence (CL) response. 
Color Origin
The optical absorption spectroscopy (OAS) indicates that the dark green coloration of the material is due to light transmittance at 528 nm as a result of absorbance peaks at 645 and a 360-410 nm absorbance gap (Fig. 3) . These absorbances may be related to the major proportions of certain impurity ions. The geochemical study demonstrates that the color producing in chrysoprase can be a complex and multi-steps process which takes place during the formation (Graetsch, 2011) .
Fig. 3.
The optical absorption spectrum comprising UV-Vis-NIR regions. Light transmittance at 528 nm in the visible region because of absorbance peaks at 645 and a 360-410 nm band gap produces the dark green coloration of Biga chrysoprase.
Cathodoluminescence (CL) response
Many minerals are luminescent, and applying these signals to solve geological problems is an important and expanding field. Cathodoluminescence spectra of the material are evaluated using "surpher, grapher, and axum" of the computer programs. These computer programs allow us to refine and take many sections for the investigated material. In the other words, these software programs allow us to obtain the 3-D numerical graphics.
CL petrography is a widespread mineral-prospecting tool. Cathodoluminescence of silica has various causes: CL spectra may include lines, usually associated with particular elements, and bands related to various types of crystal defects, but only the latter are observed in the case of chrysoprase. Sharp emission lines are not generally shown by quartz and other cryptocrystalline silica polymorphs as the ions that produce these lines (e.g. Rear Earth Elements [REE], Fe 2/3+ , Cr 3+ ) are not incorporated into the silica structure. Cathodoluminescence (2D-CL) spectra at room temperature produced by alternative current (AC) at the energies of 14 and 24 keV and direct current (DC) at 24 keV display individual luminescence patterns in Biga chrysoprases. The AC experimental data of cathadoluminescence at 14 keV energy show that one major spectral emission band appears at readable intensity and magnitude at 90 Hz in the yellow (585 nm) wavelength region (Fig. 4) . However, both AC and DC cathodoluminescence experimental data at 24 keV show that one major spectral emission band appears to be similar to that of 14keV in readable intensity and magnitude at 90 Hz, but dissimilar to that of 14keV in the green (532 nm) wavelength region 
Discussion
Especially when the average specific gravity value of 2.55 g/cm 3 is considered, as well as the other verifying results, it can be stated that Biga chrysoprases have a typical microcrystalline structure with pores (called chalcedonic-quartz).
Biga chrysoprases have relatively higher concentrations of some trace elements, such as Fe, Cr, Mn, As, Ni, Pb, Sb, and Zn. These trace elements and their concentrations are unusual, compared to those of the reported samples from Poland, Kazakhstan, Australia, and Tanzania (Sachanbinski et al., 2001; Skrzypek et al., , 2004 ).
In the X-ray diffraction patterns of worldwide chrysoprases, the opalline-quartz silica building phases (opal-CT and Opal-C) (Jones and Segnit, 1971 ) have been identified in contrast to Biga chrysoprases. Accordingly, three mineralogical silica building phases were specified in the chrysoprases from Poland: (a) opal phases (opal-CT and opal-C)-the opal matrix contains chalcedony or quartz crystals; (b) chalcedony phase-microcrystal or fine-crystal structure, (c) chalcedony-opal phase (continuous structural transition from chalcedony crystals to quartz crystals) (Sachanbinski et al., 2001; . The silica phases in the chrysoprases from Kazakhstan have been identified as being similar to that of the chrysoprase from Poland (Sachanbinski et al., 2001; . The structure of the chrysoprase from Australia was divided into two different groups: (a) the dominant one microcrystal quartz and fibrous chalcedony and (b) crystals of chalcedony and quartz surrounded by an opal matrix (Nagase et al., 1997; Skrzypek et al., 2004; Befi, 2009) . As a result, because of the existence of the chalcedonic-quartz silica interval phase (moganite) instead of the opalline-quartz silica based phase (opal-CT and opal-C), it can be stated that the Biga chrysoprases formed at relatively higher formation temperature conditions. In these published papers, it has been stated that chalcedonicquartz precipitations occur in the range between 40 and 150 o C. However, in microcrystalline quartz occurrences, the coagulations of the kinds of silica building phases depend on the environmental conditions. At lower temperature conditions below about 80 o C, opal-CT and opal-C opalline-silica building phases appear dominantly. However, at higher temperature conditions above about 180 o C, the moganite interval-silica building phase and alpha-quartz crystalline-silica building phase crystallize (Frondel, 1978; Moxon and Rison, 1994; Smith, 1997; Cady et al., 1998; Murashov and Svishchev, 1998) .
Infrared spectra of Biga chrysoprases represent typical hydrous microcrystalline quartzes. IR bands at 3420 and 1640 cm -1 are characteristic for OH molecules (Yamagishi et al., 1997) . In addition, all bands under 1080 cm -1 represent chalcedonic quartz components (Taylor et al., 1970; Stockton and Fritsch, 1978) . In some published papers (Mc Creery, 2005; Colomban and Prinsloo, 2009) , relationship between main bands and vibrational modes of [SiO4] 4-tetrahedron in Raman and IR spectra have been interpreted as follows: Raman active symmetric stretching modes occur between 800 and 1050 cm-1 ; asymmetric IR active stretching between 900 and 1200 cm -1 ; symmetric Raman and IR active bending modes between 400 and 600 cm -1 ; asymmetric IR active bending modes between 500 and 700 cm -1 ; Raman and IR active rotational libration modes about 300 cm -1 ; and Raman and IR active transitional libration modes between 100 and 200 cm -1 (McCreery, 2005; Colomban and Prinsloo, 2009 ).
In Biga chrysoprases, individual CL bands appearing at the end of the excitation emission scans at the negative temperature values (mainly 250 K) can be attributed to defects related to some trace element contents. Thus, it can be claimed that the majority of these defects come from cationic substations.
On the other hand, information on the quality of surfaces and interfaces of Biga chrysoprases was revealed that the intensity and magnitude of the CL signals increase with Fe, Cr, Mn implications which have relatively large cationic radii. Accordingly, this situation at low temperatures show an electrical charge changing reaction in the silica tetrahedral structure with developing strained Secondary alterations and re-crystallizations can often be easily recognized using CL. Thus, it is possible to reconstruct the mineral-forming processes or the trace mineral deposits (Götze et al., 2001) . The spectral analysis of CL emission is an effective method to analyze the real structure of solids (Marfunin, 1979) . Accordingly, a relationship can be observed between the CL emissions and presence of some transition metal elements. Formation of the CL bands can be observed when different excitation modulation frequencies are used. However, it is obvious that not all trace elements play a direct role.
When the CL luminescence activators of Biga chrysoprase are considered, it is obvious that the peak-wavelengths and intensities of CL are highly dependent on the spatially varying concentrations of K, Na and Mg rather than other metal trace impurities (Figs. 4-6 ). Götze et al. (2001) have stated that the brown and reddish-brown CL colors (emission band at 620-650 nm) could also be explained by lattice defects induced by twinning, mechanical deformation, particle bombardment, or rapid growth. Another conspicuous (unusual) feature of quartz CL was the short-lived bottle green or blue CL in alpha-quartz, which is typical of quartz, crystallized from hydrothermal solutions. The typical change from initial blue to final brown CL colors was caused by the rapid decrease of the CL emission bands just below 400 nm and at 500 nm and the increase of the red emission band. This characteristic transient CL behaviour had been observed both in natural and synthetic hydrothermal quartz specimens (Götze et al., 2001) .
As a result, it can be suggested that the remarkable CL luminescence emission in the green wavelength region (532 nm) in Biga chrysoprases is probably due to the silicon-oxygen and aluminium-oxygen stresses in the [SiO4] tetrahedrons including Na, K, and Ca ions. These strained structures with Si-O bonds stabilise some non-bridging oxygen or silicon vacancy hole centres or some of the Si-O bonding defects which seem to be ultimately responsible for this kind of electron excitation (Ramseyer et al., 1988) . It is interpreted that CL is an effective method for spatially resolved analysis of point defects in the microcrystalline-structured quartz varieties by spectral measurements. In addition, in combination with ICP-AES results, the different emission bands can be related to specific lattice defects in the chrysoprase structure. The defects causing different CL emissions often reflect the specific physico-chemical conditions of crystal growth, and therefore, can be used as a signature of genetic conditions in the Biga (Çanakkale) region.
ICP-AES analysis suggests that the color agencies in Biga chrysoprases are not only Ni ion content (4600 ppm) but also Fe ion (13600 ppm) and Cr ion (823 ppm) contents. In addition, shifts or broadenings of this absorbance peak and band gap produce color hues between dark and light green in the chrysoprase. The green color of chrysoprase is known to originate from a compound containing nickel incorporated in the microcrystalline chalcedony matrix. The nature of the admixed nickel-containing phase is not known precisely due to the lack of direct evidence from microscopy or X-ray diffraction. Rossman (1994) has stated that optical spectra indicate Ni 2+ in octahedral coordination, and he has indicated that bunsenite (NiO) has been suggested as a coloring agent. Therefore, the color of chrysoprase, in general, is due to the nickel incorporated in the quartz. In contrary, the mainly dark green coloration of Biga chrysoprase is due to a complex mechanism, since many transition metals, which are coloration agents, are present. Some of the elements Fe, Cr, and Ni (Table 3) are certainly responsible for the coloration as external lattice defects. However, nickel is the main ion responsible for producing the dark green color (Nagase et al., 1997; Sachanbinski et al., 2001; Witkowski and Zabinski, 2004; Handerson and Imbusch, 2006; Befi, 2009; Shigley et al., 2009; Graetsch, 2011; Ayvacıklı et al., 2012) . Some trace elements, such as iron and chromium ions, modify the typical green color of the chrysoprases by adding a brownish hue, but in order to clarify this coloration mechanism, further investigations will be necessary. Although Nagase et al. (1997) and Sachanbinski et al. (2001) identified with electron microscopy nanometresized inclusions of Ni-bearing phyllosilicates of low crystallinity in chrysoprase from Australia, Poland, and Kazakhstan; Graetsch (2011) describes evidence of the presence of the nickel carbonate mineral gaspeite in chrysoprase from Tanzania. Nagase and his colleagues (1997) tried to identify the origin of the green color in the chrysoprases from Warrawanda, Western Australia. In a recent study, Graetsch (2011) revealed that the green colour of the chrysoprase from Haneti (Tanzania) is caused by the incorporation of 0.47(6) wt % gaspeite (a Ni-carbonate mineral) in the microstructure of microcrystalline quartz in contrast to the chrysoprases from other localities. The Haneti chrysoprase has a higher crystallinity of both the microcrystalline quartz matrix and the gaspeite pigment (Graetsch, 2011) . In addition, Heflik et al. (1989) studied chrysoprase found in altered serpentinites that occur within a nickel deposit in lower Silesia. The authors were able to determine that the color was caused by tin and suggested the tin may by incorporated in the mineral as a distinct phase in bunsenite (NiO). Ultimately, it can be stated that some of the trace elements found in Biga chrysoprases (mainly nickel) are certainly responsible for the characteristic green color.
Conclusions
(1) The main chemical bulk concentrations are as follows; SiO2 (95.50%), Al2O3 (0.99%), CaO (0.06%), MgO (0.13%), Na2O (0.12), K2O (0.18%), and Cr2O3 (0.15%). It is seen that some trace element concentrations are also very distinctive for Biga chrysoprases, such as Fe (13600 ppm), Ni (4600 ppm), Cr (823 ppm), Pb (417 ppm), Mn (184 ppm), Sb (154 ppm), Zn (192 ppm), and As (126 ppm).
(2) A remarkable abundance of iron and chromium play an important role in formation of the dark green coloration of Biga chrysoprases.
(3) Biga chrysoprase gives many peaks on the CL spectra due to their point defect structures. It was revealed that the intensity and magnitude of the CL signals increase with Fe, Cr, and Mn implications which have relatively large cationic radii. When the CL luminescence activators of the material are considered, it is obvious that the peak-wavelengths and intensities of CL are highly dependent on the spatially varying concentrations of K, Na, and Mg rather than other metal trace impurities.
(4) It is claimed that the great interest concerning luminescence properties of the worldwide chrysoprases is based on the fact, that information not available by other analytical methods can be obtained. Therefore, CL spectra can be used to investigate and interpret the composition and structure of chrysoprases and their genetic characteristics and typomorphic properties.
